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(54) Process for the preparation of polyalkene-substituted succinic acylating agents in the 
presence of a dihelotriphenylphosphorane as catalysts 

(57) The preparation of polyalkene-substituted succinic acylating agents by reaction, in the presence of a dihalot- 
riphenylphosphorane, of a polyalkene and a compound of formula 
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in which X and X" are the same or different provided at least one of X and X' is such that the polyalkene substituted 
succinylating agent obtained can function as carboxylic acylating agent, leads to improved yield of desired product 
and a reduction in the formation of undesirable reaction by-products when compared with prior art catalysts. 
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Description 

The present invention relates to a process for preparing polyalkene-substituted succinic acylating agents, in par- 
ticular to the catalysed preparation of polyisobutenyl succinic anhydride. 

s Polyalkene-substituted succinic acylating agents are of industrial significance as they are employed, for example, 

in the manufacture of ashless dispersants. The latter are widely used in hydrocarbonaceous liquids including fuels 
such as gasoline, diesel and jet fuel and in lubricating oil and functional fluid compositions such as automotive crank 
case lubricating oils, automatic transmission oils and gear oils. 

Numerous techniques have been proposed for the preparation of polyalkene-substituted succinic acylating agents. 

10 Typically these involve the reaction at elevated temperature of a polyalkene and an unsaturated aliphatic dicarboxylic 
acid or acid anhydride, for example maleic acid or anhydride. However, the reaction does not proceed cleanly and 
does not give a theoretical result. On the contrary, the yield of desired product is much less than expected. Also, the 
reaction often results in the production of an undesirable sludge and/or tarry residue which must be separated from 
the reaction product The production of tarry residue is particularly troublesome as it can cause fouling of the reactor. 

is It is believed that decomposition of the unsaturated dicarboxylic reactant under the reaction conditions employed is 
responsible for sludge and tar formation. 

A number of techniques have been proposed for improving the yield of polyalkene-substituted succinic acylating 
agents obtained by such reactions. For example, USP 3,927,041 discloses the reaction of viscous polybutenes and 
unsaturated dicarboxylic acid anhydrides in the presence of brominated dialkylhydantoin (1 ,3-dibromo-5,5-dialkylhy- 

20 dantoin). Use of the latter is said lo reduce the amount of undesirable by-products resulting from decomposition of the 
dicarboxylic acid anhydi ide i eactant. However, the yield of desired product is not particularly acceptable and the amount 
of sludge generated still relatively high. The use of 1 ,3-dibromo-5,5-dialkylhydantoin isalso known from USP 4,41 4,071 , 
in which the dicarboxylic acid anhydride reactant is added to the polybutene very slowly. 

USP 3,953,475, USP 3,954.81 2 and USP 3,960,900 respectively describe reacting polybutene and a dicarboxylic 

25 acid anhydride in the presence of an ot-bromoketone (eg a-bromoacetophenone), N-bromosuccinimide and a substi- 
tuted aliphatic hydrocarbon (e.g. tetrabromoethane and phenothiazine). 

It has now been found that it is possible to prepare polyalkene-substituted succinic acylating agents by reacting 
the conventional reactants in the presence of a dihalotriphenylphosphorane catalyst. This has the advantage over the 
prior art techniques of giving the desired product in improved yield and/or results in a reduction in the amount of 

30 undesirable by-products formed, particularly the amount of tar. 

In accordance with the present invention there is provided a process for the preparation of a polyalkene-substituted 
succinic acylating agent which comprises reacting, in the presence of a dihalotriphenylphosphorane, a polyalkene and 
a compound of formula: 



X-C— CH=CH-C-X' 00 



40 in which X and X' are the same or different provided at least one of X and X' is such that the polyalkene-substituted 
succinic acylating agent obtained can lunction as a carboxylic acylating agent. 

The reaction is typically carried out in the presence of from 5 to 500, preferably 100 to 400, ppm of dihalotriphe- 
nylphosphorane. As the latter dichlorotriphenylphosphorane or dibromotriphenylphosphorane may be used. While 
dichlorotriphenylphosphorane is effective it is preferred however to use dibromotriphenylphosphorane. Dibromotriphe- 
f5 nylphosphorane and dichlorotriphenylphosphorane are commercially available. 

In the process of the invention the mole ratio of polyalkene to compound of formula (I) in the reaction is typically 
1 :5 to 1 :0.8 : generally 1 : 1 .05 to 1 : 1 .5. More favourable results are however obtained using a molar ratio of approximately 
1:1.1. 

The reactbn is typically conducted at a temperature of from 1 50 to 300°C, preferably at a temperature of between 

50 200 and 250°C. Usually the reaction is complete in 5 hours. 

As described above, the process of the invention exhibits advantages over conventional preparative techniques. 
The present invention thus includes within its scope a method of improving the yield and/or reducing the amount of 
undesirable by-products formed in the preparation of a polyalkene-substituted succinic acylating agent, which com- 
prises preparing said acylating agent by the process herein described. 

55 )n the compound of formula (I) at least one of X and X 1 is such that the polyalkene substituted acylating agent 

obtained can function as a carboxylic acylating agent. The ability to function as such is required for the preparation of 
ashless dispersants In other words, at least one of X and X* must be such that the substituted acylating agent can 
esterify alcohols, form amides or amine salts with ammonia or amines, form metal salts with reactive metals or basically 
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reacting metal compounds, and otherwise function as a conventional carboxylic acid acylating agent. Transesterifica- 
tion and transamidation reactions are considered as conventional acylation reactions. 

Thus, X and/or X' is usually -OH, -O-hydrocarbyl, -0-M+ (where M is a metal or ammonium), -NH 2 , -CI, -Br, or 
together, X and X' are a group -O-. The specific identity of any X or X' group which is not one of the above is not critical 
5 so long as its presence does not prevent the remaining group from entering into acylation reactions. Preferably, how- 
ever, X and X' are each such that both carboxyl functions of the succinic group can enter into acylation reactions. 

According to a preferred feature of the invention the polyalkene is reacted with a compound of formula (I) in which 
X and X' are each independently selected from -OH, -CI or -OR" in which R" represents alkyl of 1 to 6 carbon atoms, 
or X and X' together form a group -O-. Preferably, the polyalkene is reacted with maleic acid, maleic anhydride, f umaric 
10 acid, or a combination thereof. Of these the most preferred reactant is maleic anhydride. 

Polyalkenes which may be used in the process of the present invention include those known in the art, for example 
from EP-A-460309 and USP 4,234,435. Preferably, the polyalkene used has a number average molecular weight of 
from about 500 to about 10 : 000, more preferably in the range of from about 700 to about 5,000. It is further preferred 
that the polyalkene is polyisobutene. 
15 in preparing polyalkenes which may be used conventional techniques known to those skilled in the art may be 

employed. Typically these involve suitably controlling polymerisation temperatures, regulating the amount and type of 
polymerisation initiator and/or catalyst, employing chain terminating groups in the polymerisation procedure, and the 
like. Other conventional techniques such as stripping (including vacuum stripping) a very light end and/or oxidatively 
or mechanically degrading high molecular weight polyalkene to produce lower molecular weight polyalkenes can also 
20 be used. 

It is particularly preferred to apply the process of the present invention to the preparation of polyisobutenyl succinic 
anhydride by the reaction of polyisobutene and maleic anhydride in the presence of dihalotriphenylphosphorane cat- 
alyst. Examples of polyisobutenes which may be used include the commercially available polyisobutenes Napvis 120 
and Glissopal ES 3252. Napvis 1 20 is a polyisobutene having a molecular weight of 2100 available from BP Chemicals. 
25 Glissopal ES3252 is a high reactive polyisobutene having a molecular weight of 2300 and is available from BASF. 

Commercially, the process of the present invention may be conducted in a batch wise or continuous manner in a 
stirred-tank type autoclave or equivalent reaction vessel provided intimate contact between the reactants. The operation 
of continuous and batch wise reactions of the kind which may be used are well known in the art. 

The polyalkenyl-substituted succinic acylating agents prepared in accordance with the invention are particularly 
30 suitable for preparing ashless dispersants. Typically, this involves reaction of the acylating agent with a polyamine 
followed by optional post-treatment of the product obtained. Techniques for the preparation of ashless dispersant from 
the kind of acylating agents prepared in accordance with the present invention are well known in the art. 

The following Examples illustrate the present invention. 

35 EXAMPLE 1 

Preparation of Polyisobutenyl succinic anhydride 

A flange flask equipped with stirrer, gas inlet tube and thermocouple was charged with polyisobutene. The 
40 polyisobutene was heated with stirring to a temperature of 235°C and the catalyst under test added. After mixing well 
for 20 minutes molten maleic anhydride was added over a period of 30 minutes using a pressure equalising dropping 
funnel. The reaction mixture was then stirred for 5 hours at 235°C under reflux conditions. At the end of this period the 
reaction mixture was stripped for 2 hours using a vacuum of approximately 100 mmHg and a slight sparge of nitrogen. 
A filter aid (Dicalite Speedplus) was added and after cooling to 180°C the product filtered. 
45 The activity of the polyisobutenyl succinic anhydride (PIBSA) obtained was measured as a percentage using the 

method set out below 

A chromatographic column was prepared using silica gel (Davidson Grade 62, mesh size 60-200). The PIBSA was 
dissolved in hexane, placed on the column and eluted with hexane to separate off free polyisobutene. The eluent was 
then evaporated to dryness to give the weight of polyisobutene. The activity was calculated from the formula: 

so 

(Sample Weight - Weight polyisobutene eluted) x 100/Sample Weight. 

The amount of tar generated was measured using the method set out below. 
ss The flange flask is weighed before the addition of polyisobutene and after the reaction all traces of product are 

removed using heptane. The flask is then dried (by standing overnight or using nitrogen) and the flask reweighed. The 
difference between the initial weight of the flask and the final weight gives an approximate value for the amount of tar 
produced The value obtained is a measure only of the amount of tar residual on the apparatus. In practice, some tar 
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may also be suspended in the final product itself. 

The following table shows the amounts of the particular reactants used and the results obtained. 



TABLE 1 



5 


POLYISOBUTENE 
(PIB) USED 


I WEIGHT 
PIB (g) 


WEIGHT 
MALEIC 

■ kill i/n m »"> r~ 

ANHYDRIDE 

(g) 


CATALYST 
USED 


AMOUNTOF 
CATALYST 
(ppm) 


ACTIVITY 

(%) 


TAR (g/ I 

kg) 


10 


NAPVIS 120 


1000 


50.70 


NONE 




42.8 


6.2 




NAPVIS 120 


1000 


50.70 


DBH 


200 


51.2 






NAPVIS 120 


1000 


50.70 


DBH 


210 


51.4 


1.7 




NAPVIS 120 


1000 


49.90 


NBS 


190 


43.6 


1.4 


15 


NAPVIS 120 


1000 


50.70 


TBE 


200 


50.8 


1.2 




NAPVIS 120 


1000 


50.70 


PT 


200 


47.1 


1.1 




NAPVIS 120 


1000 


50.70 


NBS & PT 


80:110 


53.7 


2.1 




NAPVIS 120 


1000 


50.70 


TBE & PT 


100:100 


45.0 


2.0 




NAPVIS 120 


1000 


50.70 


DBH & PT 


110:110 


52.6 


1.3 




NAPVIS 120 


1000 


50.70 


DBTPP 


180 


56.9 


0.2 




NAPVIS 120 


2000 


101.40 


DBTPP 


200 


59.8 ! 


0.6 


25 


NAPVIS 120 


1000 


50.70 


DBTPP 


400 


58.3 


0.4 




NAPVIS 120 


1000 


50.80 


DCTPP 


200 


46.7 


2.6 




ES3252 


1000 


50.76 


None 




57.4 


2.9 


30 


ES3252 


1000 


57.35 


DBH 


200 


62.7 


1.4 




ES3252 


1000 


55.54 


DBTPP 


230 


71.9 


0.8 



In the table: 



DBH stands for 1 ,3-dibromo-5,5-dimethylhydantoin. 

NBS stands tor N-bromosuccinimide. 

TBE stands for tetrabromoethane. 

PT stands for phenothiazine. 

DBTPP stands for dibromotriphenylphosphorane. 

DCTPP stands for dichlorotriphenylphosphorane. 

The amount of tar produced is represented in grams per kilogram of polyisobutene used. 

As can be seem from this table using the process of the present invention leads to an increased conversion of 
polyisobutene to polyisobutenyl succinic anhydride and a significant reduction in the amount of tar generated compared 
with when no catalyst is used. The results obtained using dibromotriphenylphosphorane shew that these advantages 
are also observed when compared with catalysts already used in the art. 

EXAMPLE 2 

Autoclave preparation of polyisobutenyl succinic anhydride. 

A two gallon Parr stainless steel autoclave (Model 4552) was cleaned using acetone/heptane and with light scrub- 
bing with wire-wool. The autoclave was charged with polyisobutene together with the required charge of maleic anhy- 
dride and catalyst. The autoclave is sealed and evacuated to approximately 200mmHg. The temperature of the auto- 
clave was then raised according to the following schedule. 
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5 



10 



TIME ELAPSED 
(MINUTES) 


VACUUM PRESSURE 
(mmHg) 


TEMPERATURE AT 
WHICH AUTOCLAVE 
SET(°C) 


ACTUAL AUTOCLAVE 
TEMPERATURE (°C) 


0 


460 


150 


-20 


30 


460 


150 


-40 


60 


305 


200 


150 


90 


100 


220 


200 


100 


25 


235 


220 j 



When a temperature of 235°C was achieved it was maintained for approximately 5 hours and the reaction mixture 
stirred, the reaction temperature and pressure being monitored at all times. The temperature was then reduced to 
180°C and the autoclave vented. The product was removed and the activity of the catalyst assessed as in Example 
1. It was not possible to measure the amount of tar formed as in Example 1. Table 2 ( below shows the amounts of 
reactants used and the results obtained. 



TABLE 2 



20 



POLYISOBUTENE 
(PIB) 


WEIGHT PIB 
(9) 


WEIGHT 
MALEIC 
ANHYDRIDE 

(9) 


CATALYST 
USED 


AMOUNT OF 
CATALYST 
(ppm) 


CATALYST 
ACTIVITY (%) 


NAP VIS 120 


2819 


144.4 


NONE 




41.0 


NAPVIS 120 


3007 


154.2 


DBH 


201 


47.3 


NAP VIS 120 


2999 


153.7 


DBTPP 


195 


56.6 



DBH and DBTPP have the same meanings as above. 

As can be seen from this table when compared with reactions in which no catalyst or a conventional catalyst is 
used the process of the present invention achieves greater conversion of polyisobutene to polyisobutenyl succinic 
anhydride. This confirms the efficacy of the present invention. 



Claims 



1. A process for the preparation of a polyalkene-substituted succinic acylating agent which comprises reacting, in 
the presence of a dihalotriphenylphosphorane, a polyalkene and a compound of formula: 

o o 

\\ II m 

X-C-CH=CH-C-X' (D 

in which X and X 1 are the same or different provided at least one of X and X' is such that the polyalkene-substituted 
succinic acylating agent obtained can function as carboxylic acylating agent. 

2. A process according to claim 1 wherein the reaction is carried out in presence of from 5 to 500ppm dihalotriphe- 
nylphosphorane. 

3. A process according to claim 1 or 2, wherein the reaction is carried out in presence of from 100 to 400ppm diha- 
lotriphenylphosphorane. 

55 4. A process according to any one of claims 1 to 3 : wherein the dihalotriphenylphosphorane is dibromotriphenylphos- 
phorane or dichlorotriphenylphosphorane. 
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5. A process according to claim 4, wherein the dihalotriphenylphosphorane is dibromotriphenylphosphorane. 

6. A process according to any one of the preceding claims, wherein in formula (I) X and X' are each independently 
selected from -OH, -CI or -OR" in which R" represents alkyl of 1 to 6 carbon atoms, or X and X' together form a 

5 group -O-. 

7. A process according to any one of the preceding claims, wherein the polyalkene has a number average molecular 
weight of 500 to 10,000. 

10 8. A process according to claim 7, wherein the polyalkene is polyisobutene. 

9. A process according to any one of the preceding claims, wherein the compound of formula (I) is maleic acid, maleic 
anhydride, fumaric acid, or a combination thereof. 

15 10. A process according to any one of the preceding claims wherein polyisobutene is reacted with maleic anhydride 
to obtain polyisobutenyl succinic anhydride. 

11. A process according to any one of the preceding claims wherein the reaction is carried out at a temperature of 
from 150 to 300 9 C. 

20 

12. A process according to any one of the preceding claims, wherein the molar ratio of polyalkene to compound of 
formula (I) is from 1 :5 to 1 :0.8. 

1 3. A process for the preparation of an ashless dispersant which comprises preparing a polyalkene-substituted succinic 
25 acylating agent by the process defined in any one of claims 1 to 1 2 and then converting the polyalkene-substituted 

succinic acylating agent obtained into an ashless dispersant. 

14. A method of improving the yield of a polyalkene-substituted succinic acylating agent, which comprises preparing 
said acylating agent by the process defined in any one of claims 1 to 12. 

30 

15. A method of reducing the amount of undesirable by-products formed in the preparation of a polyalkene-substituted 
succinic acylating agent, which comprises preparing said acylating agent by the process defined in any one of 
claims 1 to 12. 

35 16. A method of improving the yield, and reducing the amount of undesirable by-products formed, in the preparation 
of a polyalkene-substituted succinic acylating agent, which comprises preparing said acylating agent by the process 
defined in any one of claims 1 to 12. 



17. A method according to claim 15 or 16 wherein the undesirable by-product is tar. 
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